The present study aimed to evaluate the effect of feeding diets enriched with fatty fish from the Amazon basin on lipid metabolism.
A B S T R A C T Objective
The present study aimed to evaluate the effect of feeding diets enriched with fatty fish from the Amazon basin on lipid metabolism.
Methods
Male Wistar rats were divided into four groups: control group treated with commercial chow; Mapará group was fed diet enriched with Hypophthalmus edentatus; Matrinxã group was fed diet enriched with Brycon spp.; and, Tambaqui group was fed diet enriched with Colossoma macropomum. Rats with approximately 240g±0.60 of body weight were fed ad libitum for 30 days, and then were sacrificed for collection of whole blood and tissues.
Results
The groups treated with enriched diets showed a significant reduction in body mass and lipogenesis in the epididymal and retroperitoneal adipose tissues and carcass when compared with the control group. However, lipogenesis in the liver showed an increase in Matrinxã group compared with the others groups. The levels of serum triglycerides in the treated groups with Amazonian fish were significantly lower than those of the control group. Moreover, total cholesterol concentration only decreased in the group Matrinxã. High Density Lipoprotein cholesterol levels increased significantly in the Mapará and Tambaqui compared with control group and Matrinxã group. The insulin and leptin levels increased significantly in all treatment groups. 
Resultados

Os grupos tratados com dietas enriquecidas apresentaram uma redução significativa na massa corporal e da taxa de lipogênese nos tecidos adiposos epididimal, retroperitoneal e carcaça quando comparados ao grupo controle. No entanto, a taxa de lipogênese do fígado aumentou significativamente no grupo Mapará quando comparados aos demais grupos. A concentração sérica de trigilcerideos dos grupos tratados com os peixes
I N T R O D U C T I O N
Obesity is considered a global public health problem in developed and developing countries 1 . Obesity pathophysiology involves complex neuroendocrine and metabolic mechanisms 2 . The main processes involved in cardiac diseases are atheroma, thrombogenic, and dietary, and factors that affect lifestyle. High intake of saturated fats, cholesterol, and calories lead to obesity, and therefore, are factors that affect lipid metabolism 3 . The quantity and nature of the fat ingested daily influence the concentration of plasma cholesterol. High cholesterol levels in the blood are related to the incidence of atherosclerotic vascular diseases, especially coronary diseases 4 . On the other hand, high density lipid cholesterol plays an important role in maintaining the plasma cholesterol levels within a compatible range, since it removes free cholesterol from plasma 5 . The main function of High Density Lipoprotein (HDL) is to build temporary reserves for total lipids, cholesterol, and apoproteins, protecting against atherosclerosis 6 . Estadella et al. 7 , showed that a high-fat or mixed diet promotes a smaller rate of lipogenesis in retroperitoneal adipose and epididymal rat tissues. The accumulation of fat in the tissues and insulin resistance has been associated with dyslipidemia, higher plasma total cholesterol level, Low Density Lipoprotein-cholesterol (LDL-c), Very Low Density Lipoprotein-cholesterol (VLDL-c), triglycerides; and lower HDL-c.
The ability of some foods to reduce cholesterol levels has been investigated in the last decades. Fish lipids are among these components. Since the 1970s, studies have confirmed the role of omega-3 fatty acids, especially Eicosapentaenoic Acid (EPA), in controlling cholesterol and its fractions, and consequently, in preventing cardiovascular diseases 8 . Researchers have found that the daily intake of omega-3 fatty acids can reduce the levels of triglycerides from 25% to 30% 9 . Xin et al. 10 state that short-term fish oil supplementation can have a favorable influence on the frequency domain of the heart rate variability.
The nature and amount of dietary lipids protect against and/or promote cardiovascular problems, and considering the high seafood intake in the Brazilian North region, this study aimed to examine whether diets containing fatty fish from the Amazon region, such as: mapará (Hypophthalmus edentatus), matrinxã (Brycon spp.), and tambaqui (Colossomoa macropomum) affect lipid metabolism in Wistar rats. 
M E T H O D S
Animals
Preparation of the diets
The fish were transported to the Coordenação de Pesquisas em Tecnologia do Alimento/ Instituto Nascional de Pesquisas da Amazônia (CPTA-INPA) where they were filleted and submitted to mechanical muscle separation in a German Baader model 694 separator. The resultant meat was distributed in rectangular metal trays and frozen to -30 o C. The frozen blocks weighting roughly 7kg and having a width of 5cm each were cut with an electric band saw in portions of roughly 500g and wrapped in polyethylene film. The frozen blocks were placed in isothermal boxes containing ice, transported to the Physiology Laboratory of UFAM and stored at -18±1°C. The Amazon fish-based diet consisted of Labina chow (72.5%), casein (12.5%), and mechanically separated meat of each species (15.0%). All components were ground and mixed. The final composition of each chow was approximately 22.0% proteins, 10.5% fats, 40.0% carbohydrates, and 16.0% fibers ( Table  1) . The caloric density determined by an adiabatic calorimeter (IKA-C400) was approximately 251.40kJ/g±0.30kJ/g (35.0% calories as fats) for each palatable high-fat diet, and 17.03kJ/g for the standard diet.
Experimental Procedure
Body weight and food intake
The rats' food intake and body mass were assessed daily for 30 days. Energy intake was determined by multiplying food intake by energy density. At the end of 30 days, the forty rats were sacrificed by decapitation and the total blood extracted. Next, this material was centrifuged at 7500rpm for 2 minutes in an Eppendorf Model 5415 centrifuge. After one hour, an intraperitoneal injection of 3mCi 3 H 2 O in a volume of 0.3mL was given for determining the rate of lipogenesis in vivo. Total blood was collected. The carcass and the tissues liver, Retroperitoneal Adipose (RET), Rev 12 . This extract was washed with 2.0mL of distilled water and evaporated until dry. The radioactivity of 20µL of the serum in the samples was used to determine specific activity. The rate of lipogenesis was calculated as micromoles 3 H 2 O of lipids incorporated by gram by hour. The lipid content of the tissue was determined by the gravimetric method 13 . The glycogen 14 content of the liver was determined by the anthrone method -H 2 SO 4 . Plasma was obtained by centrifugation and aliquots were used for measuring glucose, triglycerides, total lipids, cholesterol, high-density lipoprotein, insulin, and leptin. For these measurements, Doles (Brazil) kits were used. The concentration of insulin (Coat-A-Count DPC MedLab, CA, USA) and leptin (Linco Research, INC, MO, USA) were determined by radioimmunoassay kits.
Statistical analysis
The statistical tests were one-way Analysis of Variance (Anova) followed by the Tukey test. The differences were considered significant when p<0.05.
R E S U L T S Diet composition
The percent macronutrient composition and fatty acids of the total lipid content of the CG, GMAP, GMAT, and GTAB diets are shown in Table 1 ; we see that the total protein content did not differ significantly between the groups. The percentage of carbohydrates in the CG group was statistically smaller than that of the groups fed Amazon fish, except for the group GMAP. Regarding fibers present in the percent composition of the diets, the CG had the lowest percentage. The GMAP group had higher fiber percentage than the groups GMAT and GTAB. The GMAP group had a higher lipid percentage than groups CG, GMAT, and GTAB. The CG fatty acids have a higher percentage of linolenic and linoleic acids. The GMAP was the only group with Docosahexaenoic (DHA) and EPA. Table 2 shows that the fat content of the carcass in the groups fed diets with 15% meat was smaller than that of the control. However, the fat content of the carcass of groups GMAT and GTAB did not differ from each other, but both were higher than GMAP. The measure of the masses of the adipose epididymal and retroperitoneal tissues and liver of the GMAT, GMAP, and GTAB groups were greater than those of the control group. The CG consumed less energy than the other groups. On the other hand, the GMAP group had greater total energy intake than the GTAB and GMAT. GTAB total energy intake was significantly higher than that of GMAT. The control group gained more weight than the groups GTAB and GMAP. The metabolic efficiency of the control group was lower than that of the other groups.
On the other hand, the GTAB group had a metabolic efficiency greater than the GMAP and GMAT groups. The GMAT had a lower metabolic efficiency than the group GMAP.
Lipogenesis
In the CG's, GMAP's, and GTAB's livers, the rate of lipogenesis was similar (Table 3) . However, the GMAT group had a higher rate of liver lipogenesis than the GMAP, GTAB, and CG groups. The lipogenesis rates of the GMAP, GMAT, and GTAB were lower than those of the CG group. The animals in the GMAP, GMAT, and GTAB groups had lower RET and EPI adipose tissue lipogenesis than the CG. However, the lipogenesis rate of the EPI adipose tissue of the GMAT group was higher than that of the groups GTAB and GMAP. Table 4 shows that the total cholesterol and total protein contents did not change in the groups treated with the enriched diets with respect to the Control group. The groups GMAP, GMAT, and GTAB presented a significant reduction in plasma Triglyceride (TG) levels compared with the Control group. The groups GMAP and GTAB presented a significant increase in HDL-c when compared with the control and GMAT groups. Additionally, the plasma glucose of group GTAB decreased significantly when compared with the groups GMAT, GMAP, and CG. The increase in the glucose levels of the group GMAP was greater than that of the other groups. However, plasma insulin did not change significantly in any of the groups. Leptin in the CG was significantly lower than in the treated groups (Table 4) .
Plasma metabolites
D I S C U S S I O N
In the literature the effect of high-fat diet on body weight is very controversial 15, 16 , especially of rats fed diets high in saturated fats and omega-6 polyunsaturated fats 17 . The degree of satiety promoted by high-fat diet depends on their physical and chemical properties (chain length, saturation, and conjugation), its carbohydrates, and its palatability 18 . These factors may influence the release of inhibitory gastrointestinal peptides such as cholecystokinin, enterostatin, and apoprotein A-IV 19, 20 and also the digestion, absorption, and metabolic rates. Himaya et al. 21 reported that the time of satiety in high-fat diets is longer in diets high in carbohydrates because of the higher levels of plasma metabolite substrates such as glucose, TG, and fatty acids. These results may partly explain the fact that Wistar rats present lower intake of diets enriched with mapará (Hypophthalmus edentatus), the fish with the highest lipid content. On the other hand, the rats fed matrinxã (Brycon spp.) consumed as much food as the controls.
Other studies have reported that rats kept with diets enriched with polyunsaturated and saturated fish oil did not vary their food intake 22 . Interestingly, in past decades, this dietary practice of feeding high-fat diet was used as strategy to control obesity, but with little success, since in general this type of diet has high energy content leading to body weight gain 21 . This is in agreement with the group that was fed the diet enriched with matrinxã, which gained more weight than the other groups. The intake of each macronutrient seems to be under strict control to maintain oxidation and the balance status. In case of fats, The oxidation rate of fatty acids may also be another factor that controls food intake 23 . The accumulation of fats in tissues and the presence of insulin resistance has been associated with dyslipidemias, increase in the plasma level of total cholesterol, LDL-c, VLDL-c, IDL-c, TG, and low HDL-c. Hence, many studies have reported that obesity, dyslipidemia, diabetes type II, high blood pressure, and cardiovascular diseases lead to interrelated metabolic changes know n a s plurimetabolic syndrome 24 . Nieves et al. 25 indicate that the lipoprotein profile present seem to result primarily from the increase in central fat probably due to the development of insulin resistance. The reduction of abdominal fat by medication or lifestyle changes or dietary changes or more physical activity could contribute to improve the lipid profile, and avoid the development of atherosclerosis. Suprijana et al. 26 found a reduction in the levels of TG, total cholesterol, and lipoprotein fractions in rats fed diets enriched with fish oil, which was later observed also by Kim et al. 27 .
Similarly, the results observed in this study show that the intake of fatty Amazon fish reduced TG and cholesterol levels. The effects caused by high-fat diets on the metabolism of animals may be influenced by the type of lipids 28 , gender, and treatment period 17, 23 . Patients treated with fish oil rich in omega-6 fatty acids have experienced lower total cholesterol, LDL-c, TG, and VLDL 29 , and higher HDL-c 29, 30 . Similarly, the total cholesterol and TG of the rats fed diets enriched with Amazon fish decreased and the HDL of rats fed diets enriched with mapará and tambaqui increased -these fish contain omega-6 and omega-3 fatty acids. The plasma glucose levels did not differ significantly from those of the control group, which was also observed by Simão et al. 31 and Wilkson et al. 32 while supplementing a human diet with fish oil. Mortiz et al. 33 stated that rats fed with chow enriched with fish oil tended to have lower blood glucose, total cholesterol, and LDL-c and higher TG than the control group. Many works have showed that lipid metabolism is regulated by leptin, a protein hormone produced mainly by adipose tissue 34 . According to Nogalska et al. 35 higher expression of the leptin gene partially clarifies the low lysogenic activity of the white adipose tissue of old animals. This finding corroborates our studies which showed low lipogenesis in the adipose tissues and concomitant leptin increase in the rats fed enriched chow.
In conclusion, this study found that diets enriched with fatty Amazon fish changed the lipid metabolism of rats effectively lowering plasma lipids (cholesterol, TG, and LDL) and increasing HDL. These results suggest that regular consumption of fish with these characteristics is beneficial.
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